report.
In discussing "chorea" and choreiform movements it is necessary and important to keep clearly in mind the fact that choreiform movements, usually recorded in case histories as "chorea", may be manifestations of a great number of disorders of the nervous system. It is unnecessary to present a complete discussion of all the diseases in which choreiform movements have been described, hence this paper will be limited to the more important conditions in which the movements comprise the predominant clinical symptom, including Sydenham's chorea, Huntington's chorea, and double athetosis.
Our first records of the susceptibility of man to what was later called, more or less correctly, "chorea" extend back to the time of the Phrygian bacchantes who, in their wild worship, were affected with violent, uncontrolled movements and with disturbances of consciousness. Somewhat later, shortly after the origin of Mohammedanism, we read that a similar condition of wild excitement with dancing, convulsions, and bizarre muscular spasms was exhibited by the sect of the Sufi, in Persia, during their sacred ceremonies. This sect was able to continue in existence for some time, and we find that about the year IOOO they had numerous followers and imitators throughout Asia Minor, Persia, Egypt, and Greece. In western Europe, in the Christian countries, the so-called "Dance of St. John" was already an established custom at the time of the Crusades. In 14I8, the term "St. Vitus' dance" or "Dance of St. Veit" came into general use as the result of an incident during an outbreak of religious frenzy in Strasbourg. Those afflicted with the dancing mania were so numerous and caused such excitement and disorder in the town that the Chief Magistrate ordered them taken to the chapel of St. Vitus in Zabern, a village in Alsace, near Strasbourg. The name of St. Vitus apparently has been derived from St. Veit, a boy who, born in Sicily, suffered martyrdom during the persecution of Diocletian, in 303, and whose body was carried from place to place until finally it was buried in the cloister at Korvey. The dancers accepted St. Vitus as their patron saint, because of a legend that, just before he bent his neck to the sword, he had prayed to God that he might protect from the dancing mania all those who should solemnize the day of his commemoration. Paracelsus called the orgy Chorea Sancti Viti-The Dance of St. Vitus.
The connection which John the Baptist had with the dancing mania of the fourteenth century was of a totally different character. Far from being a protecting saint and one likely to bring relief, the worship of his name was an important cause in the development of the malady. From as far back as the fourth century the solemnization of St. John's day involved many strange and rude customs, the original mystic meaning of which was distorted among different peoples by added relics of heathenism. In Germany, in I374, after a period of famine and distress, the celebration of the Saint's day was characterized by a frantic outbreak of the dancing malady. This spread to France and Belgium, and persisted in the acute form for many months. The appearance of the dancers on the streets, crying the words "St. John" continually during their antics, led to the application of the name "Dance of St. John" to the malady.
The various religious dances which have been described are evidently not to be confused with the organic diseases under discussion. It is apparent that they were diverse, hysterical manifestations.
However, it is interesting to point out that here is a clinical condition, now established on an organic basis, whose origins merge into the religious superstitions of the Middle Ages. Many of those who took part in the dances may well have been really suffering from chorea, but believed that their movements were engendered by divine visitations. Conversely, rare cases simulating true chorea today are undoubtedly psychogenic in origin.
In i 686, Thomas Sydenham of Winford Eagle, one of the keenest of medical observers, first published his studies of the disease, placing it on a sound clinical basis in the classical paper which appeared in his Schedula Monitona. His desciption of the dinical aspects of the disease has not been improved upon appreciably even to the present day.
In I872, George Huntington, a Long Island physician, first adequately described a much rarer, but not unknown, form of the disease and brought about its recognition as a distinct clinical entity. Since then many other observers have described what they thought to be different diseases in the same group.
Choreiform and athetoid movements are readily identified clinically and yet neurologists agree that they frequently occur together and are difficult to describe and delimit accurately. Chorea is usually described as irregular, involuntary, jerky, and spasmodic, while athetosis generally signifies "involuntary, slow, wriggly, worm-like movements".
One can see very easily the possibility of combinations occurring in the same case, justifying the frequent use of the term "choreoathetosis". It is evident that the clinical line of demarcation between the two is not well established.
From the point of view of the pathology involved we find the greatest diversity of opinion and the greatest amount of experimental data.
A number of investigators have studied the brains of patients who have exhibited choreiform and athetoid movements during life, and have described many different lesions. Each worker has been firmly convinced that the lesion he saw was the cause of the movements in the case at hand, but many of them have lost sight of the fact that such movements need not necessarily be due to the same pathological lesions all the time. There are many sites in the nervous system where a disease process may bring about movements of the choreiform and athetoid types, suggesiag that in all probability all of the lesions which have been described could be responsible. However, in certain of the conditions where choreiform movements are the outstanding feature of the disease we might expect to find some uniform pathology.
The difficulties presented to men working in this field are numerous and not easy to surmount. The great majority of patients suf-27I1 fering from Sydenham's chorea, the common form, which will -be described in more detail later, recover and are, therefore, not available for pathological examination. Those that die usually do so as a result of a complicating disease which obscures the picture. In Huntington's chorea where postmortem examinations are more frequent, we have other manifestations referable to the nervous system to explain and to differentiate from the chorea proper. Experiments on lower animals, ordinarily of great significance, must be discounted considerably since the parts of the brain involved undoubtedly have changed in function in the process of the phylogenetic development.
It is generally agreed that the lesions causing choreiform and athetoid movements are not located in the cord, but in the higher centers of the nervous system, and since we are dealing primarily with a motor disorder we must look for the lesions in the efferent pathways-the corticospinal and rubrospinal tracts and their connections in the cortex, cerebellum, and the corpus striatum. Different observers have considered one or the other of these, and in some cases the responsibility for the disorder has been laid on all.
Probably the oldest theory of the pathology involved is the socalled "embolic theory" brought forth by Todd, in I840. This was first adequately described by Hughlings Jackson, who took into account the frequent association of chorea with a vegetative endocarditis, and believed that the symptoms were caused by emboli which had broken off from the mural endocardium and had become lodged in the brain. Jackson located the lesion, to use his own words,-"in the nerve tissue forming the convolutions near the corpus striatum, this part of the brain being supplied by the middle cerebral artery". He maintained that if the basal ganglia were destroyed paralysis resulted, while if only a perversion or impairment of their function occurred, chorea resulted. This theory was supported by the evidence of Angel Money, who injected a suspension of particulate matter into the carotids of a rabbit, causing choreiform movements, and at subsequent autopsy found emboli in the brain and cord, with no other demonstrable lesion. It is undoubtedly true that such emboli can cause choreiform movements, but it is doubtful whether either Sydenham's or Huntington's chorea can be accounted for by embolic phenomena in the great majority of cases. In autopsies on typical cases, other observers have failed to find such emboli.
The work of Poynton and Paine crystallized the present conception of the connection between Sydenham's chorea and rheumatism and accounted for the causation of both on an infectious basis. From years of study of clinical, pathological, and bacteriological evidence they concluded that the pathological changes in Sydenham's chorea consisted of vascular and inflammatory lesions, the chief of which were hyperemia and the presence of thrombosed vessels in the central nervous system and the meninges. F. John Poynton, writing in Nelson's Medicine, concludes from his own and other experiments that the movements in Sydenham's chorea are the result of a meningoencephalitis with consequent cortical irritation. However, he very wisely adds that while this explanation seems at the present time to be most significant, nevertheless, "we have much yet to learn and dogmatism is a cardinal sin in medicine".
Supporting this view there is the evidence of Greenfield and Wolfsohn who, in a typical case of Sydenham's chorea, found rather diffuse lesions, most marked, however, in the basal ganglia. In their own words-"Many of the cortical vessels had undergone thrombosis . . . Everywhere the blood vessels were dilated and the numerous distended capillaries made the brain substance appear unduly vascular." They also described extensive "small-celled infiltration", most obvious in the basel ganglia and particularly in the head of the caudate nucleus and putamen. Involvement of the pia arachnoid to some extent was also seen. The emphasis laid on the importance of the lesion in the corpus striatum fits in well with the theory of Hunt to be discussed later.
Kinnier Wilson, who first described progressive lenticular degeneration, is unable to accept a striatal origin for choreo-athetoid movements. Because of the complex nature of the involuntary movements and also because of the fact that they are abolished on the affected side of a complete hemiplegia, he regards the movements as disorders of cortical function. He believes that an afferent path from the cerebellum to the motor cortex must exist, by way of the brachium conjunctivum through the hypothalamic region and the thalamus. An injury to this pathway would result in a disorder of voluntary movement as well as in the appearance of involuntary movements.
Jakob, who has spent many years in the study of the lesions of the extra-pyramidal motor systems, has described the presence of nodules diffusely spread throughout the brain, both in the cortex and in the basal ganglia, of individuals who have had Sydenham's chorea. He believes these nodules to consist of proliferated glial tissue lying around blood vessels, and ascribes the movements in the disease both to cortical influence and'interference with the striatal mechanism.
Perhaps the most interesting theory of the pathology behind choreo-athetoid movements is that elaborated by J. Ramsay Hunt. He has considered phylogenetic studies which have shown that the corpus striatum consists of two parts, a paleostriatum, the globus pallidus, and a neostriatum, the putamen and caudate nucleus. We find only the paleostriatum present in fish and animals below them in the evolutionary scale, while the neostriatum begins to appear in reptiles. It is hypothesized that one of the necessities of a marine existence is constant automatic movement of the fins or extremities. The function of sending stimuli to cause such movements is assigned to the globus pallidus. On acquiring a terrestrial habitat, however, continuous movements become unnecessary and even a hindrance so that a brake had to be applied on the action of the globus pallidus. This brake is believed to be the neostriatum.
Hunt bases his theory on this concept and upon the cytological studies of the corpus striatum by Malone The fiber tract systems of the corpus striatum are of two types: first, the internuncial or short connecting fibers running from the caudate nucleus and putamen to the globus pallidus; second, the ansa system comprising the ansa lenticularis and the ansa peduncularis. This latter system contains both afferent and efferent fibers to the thalamus and hypothalamic regions.
Hunt summarizes the results of modern anatomical investigations as follows: "The corpus striatum is composed of two portions, the globus pallidus (paleostriatum) and the caudate nucleus and putamen (neostriatum). These two structures differ histologically and phylogenetically. The paleostriatum consists of cells of a motor type with long axones which terminate around nuclei of the thalamic and hypothalamic regions. The neostriatum consists largely of smaller ganglion cells with short axones terminating in the globus pallidus. This is a short internuncial system uniting the neo-and paleostriata. There are also found scattered throughout the neostriatum larger ganglion cells of globus pallidus type; these are regarded as part of the efferent globus pallidus system. The corpus striatum has no direct connection with the corticospinal system or the cortex, its afferent and efferent systems uniting it with the thalamic and hypothalamic regions. The corpus striatum may therefore be regarded as an important motor regulating center, in the same sense as the thalamus is a sensory correlating mechanism. Before the development of the cortico-spinal system it was the important center for the control and regulation of movement. With the development of the cortico-spinal system it lost some of its early importance but it still plays, in the realm of motion, an important part in the control and regulation of automatic and associated movements." Hunt refers to reports by a number of other observers, including Jelgersma, Alzheimer, Kleist, Marie, L'Hermitte and Dunlap, to the effect that in Huntington's chorea, whch involves a dementia as well as choreiform movements, pathological examination almost invariably stiowed the neostriatum remarkably shrunken and associated with definite cortical lesions. To the latter they assign the dementia, while to the neostriatal lesion they ascribe the choreiform movements. Hunt himself has examined a large series of sections of brains from patients with Huntington's chorea, and in addition to well-marked cortical degeneration these exhibited the same type of neostriatal atrophy without affection of the globus pallidus or the large cells of globus pallidus type in the caudate nucleus and putamen. He, therefore, assigns two functions to the corpus striatum, one that of the large cells (paleostriatum) and motor in character, and the other that of the small cells (neostriatum) and inhibitory in character. Destruction of the paleostriatum leads to paralysis agitans, while destruction of the neostriatum, removing the inhibitory influence, leads to chorea. The dementia accompanying Huntington's chorea is accounted for by the cortical degeneration.
The work of Dunlap, who studied a number of brains from patients who had died with Huntington's chorea, lends additional pathological support for Hunt's explanation. Using painstaking methods which were as accurate as could be devised, Dunlap measured the size of the various elements of the brain, and counted the number of cells present. He used as controls presumably normal brains.
No significant changes were seen in the blood vessels or in the pia-arachnoid. The putamen and caudate nucleus showed marked atrophy and averaged less than one-half the size of the controls. There was also a tremendous loss in the cell count, a field which normally should show about 50 cells often showing not more than two or three. No attempt was made to differentiate between small and large nerve cells. The globus pallidus was essentially unaffected except for the loss of incoming elements from the putamen and caudate nucleus.
The cortex appeared to be smaller than usual, but the cell count was essentially the same as in the controls. The total weight of the cerebrum was decreased and probably the general shrinkage prevented the real loss in cell number from being apparent. The cells themselves were not in obvious disorder, but were dark-staining, small, and shrunken. There was great proliferation of neuroglia tissue, especially in the regions of greatest cell loss. Dunlap One can see very easily that in the light of our present knowledge any attempt to establish a hard and fast anatomical basis for dinical chorea is out of the question.
A great number of nervous disorders have been described under the general headings of chorea and athetosis. There are, in reality, three main groups into which most of the cases fall. The rarer forms, to which the names of different observers have been attached, are probably either slightly obscure manifestations of one of the main groups or else the choreiform movements have appeared incidental to other more important and outstanding symptoms.
The great majority of clinical cases in which the chief symptom is choreiform movements are of the true Sydenham's variety. This disease is generally accepted to be of infectious origin, affecting for the most part younger individuals, especially females. Its frequent association with rheumatic fever leads most modern workers to believe that both are caused by the same virus. As yet no satisfactory etiological agent has been established.
Attention has been called to many cases in which fright has been indicated as the primary causative factor. It is possible that fright lowers the general nervous resistance and allows a smoldering chorea case to break out, but most of the present day writers do not think that it is possible for fright of itself to produce chorea. Poynton, in this connection, offers what he considers a conclusive experiment. During the Great W4r when air raids on London were very frequent there was no increase in the number of cases of chorea. "The raids extended over a long period of time and during that time many hundreds of poor children were roused hastily from their beds, rushed into underground tubes, hurried through dark, cold streets, dead-tired and often hungry and terrified by the roar of guns, the crash of bombs, and the screaming of sirens. Many children suffered severely from nervous disturbances and general illness, but there was no noticeable increase in the frequency of chorea." As a secondary complicating cause, however, it can not be passed over lightly.
Typical choreiform movements are, of course, the most important diagnostic sign. The patient is almost constantly moving some part of his body. There is abduction and adduction of the arm, irregular flexion and extension of the forearm, spreading of the fingers, jerking of the head, twisting of the body, or flinging of the legs. The patient can not walk a straight line or take short measured steps. The movements follow each other irregularly without purpose or aim. There is facial grimacing and alternating mood, the patient occasionally laughing or crying. The tongue can not be protruded for any length of time, but is hastily drawn in again. The speech becomes dysarthric and explosive. Sometimes the patient becomes speechless and merely grimaces or moves his lips and tongue in an attempt to speak. Occasional jerking of the muscles of respiration may lead to irregularity of breathing. The movements usually disappear in sleep, except in severe cases and may even be stopped temporarily by exercise of the will. Likewise, except in very severe cases voluntary movements are only indirectly affected.
The prognosis is usually favorable; as a rule the disease lasts only a few weeks and the patient recovers completely.
Huntington's chorea presents the same sort of motor disturbance, but on clinical examination there may be noted several important differences. The disease sets in much later in life, generally in middle-age, and by many is considered to be hereditary; the familial tendency is so marked that one can usually demonstrate more than one instance of the disease in a given family. It has been suggested that chorea appears according to the ratio of the Mendelian Law. Up to the present time, there has been no serious consideration of an infectious origin of the malady. The duration of the illness is much longer than that of Sydenham's chorea, often lasting more than 20 years. Again, unlike the disease described by Sydenham, Huntington's chorea does not eventually clear up, but pursues a steadily downward course with the choreiform movements becoming progressively worse. Dementia frequently enters the picture and many patients eventually become inmates of hospitals for mental diseases. Death generally occurs as a result of an intercurrent infection.
The third general group contains the cases of "double athetosis". Here, again, the etiological agent has not been established. However, the frequent association with birth injuries makes it most probable that this is the chief causative factor. Aside from the motor disturbances, the character of which has been described, patients generally do not have other central nervous system involvement. The mental status is rarely, or but slightly, affected and sensory disorders are usually not present.
In attempting to correlate the clinical manifestations of the three groups with the theories regarding the underlying pathology, we find that, as has been previously indicated, there is a fundamental difference of opinion. One group holds that the two choreas, while similar clinically, have entirely different anatomical bases. They explain the movements in Sydenham's chorea as due to the meningoencephalitis described by Poynton and Paine. This is in a way reinforced by Jakob's observations of a non-suppurative encephalitis characterized by perivascular proliferated glia nodules. This group concurs in ascribing the movements in Huntington's chorea to degeneration in the corpus striatum. The other group, on the contrary, believe that both types are explicable by Hunt's theory. We must take into cognizance, however, the fact that most of the experimental work on which Hunt's theory is based was done on cases of Huntington's chorea. The proponents of his explanation attempt to overcome this defect with the argument that Hunt has proved that it is a lesion in the striatum which causes the choreiform movements and that, while the lesion is evident in Huntington's chorea, a chronic degenerative process, it is almost impossible to demonstrate the definite changes in Sydenham's chorea, an acute infectious disease. Difficult indeed has been the attempt to correlate general classification of the disease groups with the several theories of morbid anatomy and morbid physiology. When one is faced with the patient exhibiting a complex of neurological symptoms, the task of matching symptom complex, disease group, and a theory of morbid anatomy which will explain both the preceding, becomes doubly difficult.
The following summary of a case history, taken from the records of the New Haven Hospital, will illustrate the problem:
History: M. M., a white female, aged 45, was admitted to the Medical Service of the New Haven Hospital on January i i, I929, complaining of weakness, lack of ambition, and uncontrolled move-ments of her body since June, 1928. The patient denied any nervous disorder previous to the present illness; however, she attributes the sudden onset of symptoms to worry over a I 5-year old daughter who had been committed to the State reformatory school. Careful inquiry into the family history revealed no instances of similar nervous manifestations in any of the antecedents.
A neurological examination made by Dr. Fox on January IS, 1929, presents the following data:
Cerebration: The memory seems intact for both recent and distant events. The patient is rather facetious and jocular, and exhibits great self-confidence. The chief difficulty is in the realm of calculation and judgment. She fails to solve the simplest problems in arithmetic. The patient went as far as the fourth grade in school at the age of I3, and the difficulty is obviously real and not merely due to lack of education. The speech is slow and somewhat monotonous with a suggestion of cadence and a varying degree of dysarthria.
Cranial Nerves: I. The patient fails to name odors even when prompted.
II. The visual acuity is R = 20/30, L = 20/30. The visual field could not be tested. Examination of the fundi show the disc margins to be slightly blurred on the nasal side, with a decrease in the normal color.
III, IV, and VI. The eyes undergo conjugate choreiform movements. The pupils are irregular, unequal, and react sluggishly to light. They react vigorously to accommodation. The lids are both rather low with narrow fissures, and they do not rise properly on upward gaze. There is no ocular palsy nor nystagmus.
V There are continual writhing movements, more choreiform than athetoid. They are especially prominent in the shoulders and trunk. All of the involuntary movements are greatly increased on any attempt to maintain a fixed posture or under emotional stress. The movements are not appreciably increased in the supported sitting position as contrasted with the recumbent position, possibly they are slightly diminished.
Head: The head is almost continually moving on the trunk. The face is involved with grimacing, movements of the eyebrows, and twitching of various facial muscles. The eyeballs exhibit conjugate choreiform movements.
Trunk: The almost continuous contractions of the abdominal muscles are striking and involve all components. There is an intermittent rocking of the pelvis.
Upper Limbs: The most constant and conspicuous movements are in the shoulders, both shrugging and anteroposterior movements. Lower Limbs: These also are involved but to a lesser extent.
The right foot undergoes intermittent movements corresponding to the Babinski phenomenon with the exception of the fanning of the small toes.
The nurses state that when alone the patient is at times entirely still. Repeated neurological examinations revealed no appreciable change except in the pupillary reflexes which were now active and equal. The patient's mental status showed no evidence of further deterioration.
Reexamination of the heart showed no evidence of valvlar damage and no enlargement. The diagnosis in this case is most difficult. The patient is obviously suffering from a chronic form of chorea which is really a dinical symptom and not a disease entity. The chief possibilities to be considered are Huntington's hereditary chorea and a post-encephalitic process.
It is generally agreed that the establishment of the hereditary factor in the family history is absolutely essential in the diagnosis of the type described by Huntington. No definite confirmation of the rumor that the patient's mother suffered from involuntary movement could be obtained in this case. Also, the absence of progressive mental deterioration during the period of observation-I4 months-is a further obstacle to this classification of the disorder.
On the other hand, the sudden onset, the presence of sluggish pupils and pleocytosis in the spinal fluid, found at the time of the first admission, all speak in favor of an inflammatory process in the nervous system. Whether this is due to the virus of epidemic encephalitis or some other infectious agent is a matter of speculation.
The chronological relation of the onset to an emotional episode would, of course, raise the question in the minds of some as to the possible psychogenic basis for the disorder. In my opinion this possible etiology need be considered only long enough to be dismissed.
One is tempted to hypothesize a degenerative process involving the neostriatum primarily on the basis of the theoretical discussions previously advanced in this paper. However, such a venture is most hazardous because of the disseminated lesions caused by encephalitic processes in the nervous system and the consequent widespread disturbance of function. This difficulty is at the root of all attempts to correlate altered structure and disturbed function, particularly in dealing with the central gray matter of the brain.
